Of all the components of the culture medium, only CaCl2 induces DNA replication when added to resting cultures of Balb/c 3T3 cells. The effect is present even in a serum-free medium. Increasing the Ca++ concentration above the standard 1.8 mM in the medium of a new culture increases the total number of cells ultimately produced, without affecting the initial cell growth rate. This effect is synergistic with that of serum. The elevated Ca++ concentration also induces striking morphological changes. The Ca++ effect could not be reproduced by a Ca++ ionophore.
In resting cultures of untransformed fibroblasts growth is stopped because medium components have become limiting (1) (2) (3) (4) (5) (6) . The limiting component is usually serum (7, 8) . In turn the limitation of the growth factors present in serum causes a series of changes of cellular properties, affecting the rates of transport of medium components to the cells, the intracellular concentration of cyclic nucleotides, and the rates of protein, RNA, and DNA synthesis. Addition of serum to a resting culture causes immediate changes in transport rates and cyclic nucleotide concentrations, followed by enhancement of the rates of protein and RNA synthesis, and ultimately by a resumption of DNA replication (9) . It has been suggested that the various changes in the response to serum are coordinate effects (10) ; however, since serum contains many different growth factors, and hormones, the various observable effects could be brought about by separate mechanisms. A purified growth factor (FGF) (11) has been shown to cause several of those events, the most striking being an immediate and marked rise in cyclic GMP concentration (12, 13) . Hence the question arises whether cGMP is the intracellular mediator of the growth-promoting activity of this and perhaps other growth factors.
Examining the response of resting cultures of certain fibroblastic cells to the addition of medium components, we have obtained a striking activation of DNA synthesis by increasing the concentration of Ca++. This observation may further clarify the mechanism of growth activation. Since this effect does not require the presence of any macromolecular component in the medium, we may be a step closer to the intracellular mediator of the events responsible for the initiation of cell growth. proportion of radioactive nuclei from 4.0 (no addition) to 12% for secondary hamster embryo cells, at 3.5 mM CaCl2, but no effect with BHK or Balb/c SV3T3 cells. To test whether the observed DNA synthesis represents a complete replication of the genome, 5-fluorodeoxyuridine, 10 ttg/ml, was added to resting cultures of Balb/c 3T3 cells after Ca++ addition, as well as to actively growing cultures; 5 min later 3H-labeled thymidine was added to the medium at a concentration of 10 .uM, 0.2 /ACi/ml, and 24 hr later the cultures were fixed; radioautographs were made by exposing the film for 72 hr. As shown in Fig. 2 the distributions of grain counts In cultures approaching saturation at increased Ca++ concentration the morphology of the cells was considerably different from that of controls. The cells were elongated, highly refractile (i.e., contracted), and criss-crossed each other, almost like transformed cells (Fig. 4) 24 hr after removal of increased Ca++ and were then fixed for radioautography. For studying initiation, cultures of another set were radioactively labeled beginning at 2 hr after Ca++ addition and processed for radioautography after various times without changing the medium. The results are given in Fig. 5 together with those for the initiation of DNA synthesis in similar cultures after addition of 25% serum. Whereas commitment occurs in some cells without an appreciable lag, initiation has a 10 hr lag, which is the same as after serum addition. The similarity of the lag suggests that Ca++ initiates the same series of events that are initiated by serum.
MATERIALS AND METHODS

Cultures
The effect of Ca++ is not obtained with other divalent ions. Mn++ is very toxic and failed to activate the cells at subtoxic levels (0.01 mM); Ba++ had no effect at 1.0 mM and was toxic at higher concentrations; and Sr++ had a very slight growth-promoting effect at 10 mM. The addition of Ca++ ionophore A23187, at several different concentrations between 0.6 and 25 ,M, to the medium of resting cultures failed to stimulate DNA synthesis. At the higher concentration it caused detachment of the cells from the plastic dishes.
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The Ca + + addition is not required for compensating -any change in the medium that might occur independently of cell activity, since the growth curves of cultures started with medium preincubated for 3 days in dishes without cells were equally affected by Ca++ addition as those of cultures started with fresh medium. However, the final number of cells in the preincubated medium showed a 30% reduction at all Ca++ concentrations, probably due to serum deterioration during preincubation. Ca++ addition does not interact with any loss or production of dialyzable components in the medium that might have occurred during incubation of the cultures, because resting cultures whose medium was replaced with that of similar cultures after it was extensively dialyzed against fresh medium (without serum) behaved exactly as regular resting cultures. DISCUSSION We have observed that resting Balb/c 3T3 cultures are induced to synthesize DNA by mere addition of CaCI2 to the medium; the effect is also observed if the cell layers are washed free of the exhausted medium and transferred to a serum-free medium with an elevated Ca++ concentration. Similarly a higher Ca++ concentration in the medium of growing cultures causes them to reach a higher saturation density. The effect, although most pronounced in Balb/c 3T3 cells, is also evident in secondary cultures of hamster embryo cells, ensuring that it is a physiologically important feature rather than a peculiarity of a special line. However, the Balb/c 3T3 cell line is likely to be unusual in having a higher than normal requirement for Ca++, perhaps related to the high requirement of this cell line for serum.
Increasing the Ca++ concentration acts very similarly to the addition of serum. Thus both induce DNA synthesis in resting cells after a similar lag period; both control the total number of cells produced in a culture; and Ca++ addition is especially effective on Balb/c 3T3 cells which have a high serum requirement. However, Ca++ does not act by promoting the action of residual serum, (which is present in the medium of resting cultures) but acts independently, since it activates DNA synthesis in serum-free medium. Ca++ does not act merely as a divalent cation, but in a specific way, since the effect cannot be achieved with Sr++, Ba++, Mg++, or Mn++. These results are in agreement with previous observations of Ca++ in cellular growth regulation of lymphocytes (14) (15) (16) .
A growth-promoting effect by a simple ion is of considerable interest because so far growth promoters have been complex substances such as proteins, hormones, fatty acids, or precursors of cellular components (1-8, 11, 17) . Therefore, the growth-initiating effect of Ca++ may be especially helpful in understanding how cell growth is regulated. One of the important questions is how the larger growth promoters, which probably interact with the cell surface, send a signal~to the internal machinery of the cell. An increase of the rate of transport of substances into the cells, or the intracellular concentration of cyclic GMP, or a decrease of that of cyclic AMP, have been implicated. However, changes in these parameters might also be coordinate effects not primarily responsible for the mitogenic effects. It will be interesting to see whether these changes are also induced by the increased Ca++ concentration. The exceptionally high concentration at which Ca++ promotes the growth of the Balb/c 3T3 cell line may be useful for identifying an intracellular event important in growth regulation, if it has a similarly high Ca++ requirement. Another interesting problem arising from these experiments is the nature of the synergism between serum and Ca++.
The effect of Ca++ raises the question whether this ion is an intracellular mediator of growth regulation, especially since addition of a Ca++ ionophore has been shown to be mitogenic for lymphocytes (18, 19) . In our system the mitogenic effect of a high Ca++ concentration may depend on an increased concentration of intracellular Ca++, which would also explain the contracted state of the cells; or on an increased interaction of Ca++ with cellular constituents, or on a change in the proportion of the ion in various cellular pools.
